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Outline

Comparisons of three different cloud retrieval methods
The MODIS cloud top properties and optical depth products.

A conventional infrared-visible (IR-VIS) bi-spectral method
like the ISCCP.

A new dual-layer overlapped method —

for determining overlapped high-and-low cloud on a pixel
scale, including both its high-cloud optical depth (t,.) and top

altitude (P, /T,.) and its low-cloud optical depth (7;.) and top
altitude (P,./T;,).

Demonstration, application, and verification of the dual-layer
overlapped retrieval algorithm.
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The MODIS Products of Cloud Top Pressure and Optical Depth
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The ISCCP-like Bi-spectral IR-VIS Cloud Retrieval Method

Histogram of Probability
L DL DL B

* vl _ ] Cloud top pressure is
— 180| | retrieved from the IR
E 11-um channel;
z m__ 14% ] Cloud column optical
CPPT,| E o depth is retrieved from
£ the VIS (e.g., 0.64-um)
o 360 channel.
=
R - A single-layer cloud
S 800 assumption is made in

L the retrievals.
1000 |

i3 36 94 235 &0
Cloud Column Optical Depth

[ B
0 1 e

Frequency of Occurrence (%)







Dual-layer IR Radiation Model

MODIS-observed
11-um radiance —

R
f

Surface background

R-R'
8hc = ’
B(T,.)-R

In our dual-layer model:

R, = gch(T}c) + (1 - glc )R

clr
In conventional single-layer model:

R'=R

clr




Schematic Diagram of our Dual-layer IR and VIS Retrieval Algorithm
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Dual-layer VIS Radiation Model

MODIS-observed ]
0.64-um radiance =

R
f

High cirrus cloud: Py, 1.

Low water cloud: P;., 1

Surface background

Use known 1., P,., and P,.to
retrieve t,. by comparing the
MODIS-observed VIS
reflectance to lookup-table
reflectances generated using
the dual-layer model.

Various sets of lookup tables
are generated with:

P,.= 100, 300, 500 hPa,

7,.= 0.01,0.25,0.5, 1, 2, 3, 5,
P,.= 500, 700, 900, 1000 hPa,
7,.=0.05,1, 2, 3, 4, ... 100.

An ice poly-crystal model (r, =
30 um) for high cirrus cloud;
and a water-cloud model (r, =
10 um) for low cloud.



Schematic Flow Chart for the Retrieval Procedure
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Dual-layer Retrieval Application and Demonstration

0 The MODIS granule (5-minute segment) is obtained on April 2, 2001 (1715 UTC).
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Dual-layer Retrievals of High and Low Cloud Temperatures
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Dual-layer Retrievals of High and Low Cloud Optical Depths
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Analysis of the Dual-layer Cloud Properties
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Schematic Flow Chart for the Retrieval Procedure
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Analysis of the Single-layer Cloud Properties

0 A single-layer cloud system observed on March 6, 2001 (1735 UTC) over SGP site.
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Comparisons of the Retrieved Single-layer Cloud Optical Depths
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Dual-layer Retrieval Application and Demonstration

0 The MODIS granule (5-minute segment) is obtained on April 2, 2001 (1715 UTC).

MODIS MODIS MODIS Dual-layer
0.65-um reflectance ~ 11-um reflectance  cloud top temperature  cloud classification
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Verification of the Dual-layer Cloud System
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Total High Cloud Amount (Single-layer + Overlapped + Thick)
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Overlapped Cloud Amount

January 2001 April 2001

October 2001
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Mid Cloud Amount
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Total Low Cloud Amount (Single-layer + Overlapped)
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Distributions of Cloud Amounts for Different Cloud Types
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Cloud Top Pressure PC (hPa)

Latitudinal Distributions of the Retrieved Cloud Properties
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Cumulotive frequency

Comparisons of Global Cloud Layer Statistics with GLAS Data
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From the space-borne
Geoscience Laser
Altimeter System (GLAS)
data, single and two-layer
clouds account for ~90%
of all clouds.

Their results:
35% of clouds are multi-
layer clouds

Our results:
28% of clouds are dual-
layer clouds



Estimation of Cloud Vertical Structure

] Cloud layer profiles derived for a meridional band
at between 117.5°W-120°W.
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Dual-layer Retrieval Analysis

MODIS MODIS MODIS Dual-layer
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Dual-layer Retrievals of High and Low Cloud Temperatures
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Dual-layer Retrievals of High and Low Cloud Optical Depths
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